different communication protocol from each other, are available.
Given that microchips of various frequencies and communication protocols are being used in the United States, development of universal scanners that can detect or read microchips regardless of frequency or communication protocol is of paramount importance. In recent years, several universal scanners that purportedly can detect or read microchips of all 3 frequencies used in the United States have been introduced. However, there has been growing concern that some of these newer universal scanners may not be able to reliably detect or read certain microchips. The purpose of the study reported here, therefore, was to evaluate sensitiv-ity of 4 commercially available microchip scanners used to detect or read encrypted and unencrypted 125-, 128-, and 134.2-kHz microchips under controlled conditions in vitro. Results of a companion study 4 of sensitivity of these scanners when used to detect or read microchips in vivo are reported elsewhere.
Materials and Methods
Scanners-The 3 universal scanners sold by the major microchip suppliers in the United States at the time of the study were evaluated. In addition, a single-frequency scanner was evaluated because of its widespread presence in the market. The 3 universal scanners were distributed by Bayer Animal Health, a HomeAgain, b and the AKC CAR.
c The Bayer and HomeAgain scanners were reported by the manufacturers to be able to read (ie, detect the microchip and display the microchip number) 125-kHz (encrypted and unencrypted), 128-kHz, and 134.2-kHz microchips. The AKC CAR scanner was reported by the manufacturer to be able to read 125-kHz (encrypted and unencrypted) and 128-kHz microchips, but could only detect 134.2-kHz microchips. The singlefrequency scanner was distributed by Avid d and was reported by the manufacturer to be able to read 125-kHz (encrypted and unencrypted) microchips, but was not able to read or detect 128-or 134.2-kHz microchips. Scanners used in the present study were provided by the manufacturers, except that the Avid scanner was purchased from a third-party supplier.
Microchips-Six brands of microchips were used in the study. Microchips that were tested consisted of a single brand of encrypted 125-kHz microchips, e 2 brands of unencrypted 125-kHz microchips, f,g a single brand of 128-kHz microchips, h and 2 brands of 134.2-kHz microchips.
i,j Ten microchips of each brand (total, 60 microchips) were used in the study.
Scanning protocol-Each microchip was taped in the middle of a 3.5 X 2-inch business card with its identifying barcode, chip number, and study number placed on the opposite side of the card for identification purposes. This identifying information was not visible to the person who performed the scanning. All scanning was done in a single room that contained a large wooden table on which the business cards with attached microchips were placed. To avoid interference, no fluorescent lights or computers were located within 3 feet of the microchips.
The 60 business cards with attached microchips were positioned in random order (determined with a random number generator k ) on the table by an individual who did not perform the scanning. Cards were placed at least 6 inches apart to avoid reading or detecting adjacent chips during the scanning procedure, and all cards were placed so that microchips were oriented in the same direction. A single individual then scanned each of the 60 microchips with each of the 4 scanners in random order (determined with a random number generator k ). That is, all 60 microchips were scanned with the first scanner, then all 60 microchips were scanned with the second scanner, and so on, until all 60 microchips had been scanned with all 4 scanners. Microchips were then placed in a new random order, and the scanning procedure was repeated with each of the 4 scanners. The entire scanning procedure was performed a total of 72 times, with a new random order for the microchips and scanners generated each time.
A single individual trained to perform standard scanning protocols recommended by each scanner manufacturer performed all of the scanning procedures. Each time a microchip was scanned, the scanner was passed slowly (approx 0.5 feet/s) over the entire business card in a direction parallel to the long axis of the microchip with no more than 1 inch between the scanner and the microchip. If the microchip was not read or detected during the first pass, the scanner was passed back over the microchip in the opposite direction, and if the microchip was not read or detected during the second pass, the scanner was passed a third and final time over the microchip in the original direction.
After the scanning procedure was completed 72 times with each scanner passed parallel to the long axis of the microchips, the entire procedure was repeated, except that microchips were oriented so that scanning was done perpendicular to the long axis of the microchips to determine whether microchip orientation affected scanner sensitivity. Thus, because 10 chips of each brand were scanned and each chip was scanned 72 times in 1 direction and 72 times in the orthogonal direction, a total of 1,440 scans were obtained for each scanner-microchip brand combination.
Each time a microchip was scanned, the individual performing the scanning indicated whether the microchip was detected and, if the microchip was read, the microchip number. A second individual recorded this information into a spreadsheet program. Data that were recorded included whether the microchip was detected (yes vs no), number of passes needed to detect or read the microchip (1, 2, or 3), and whether the microchip number was correctly read (yes vs no).
Scanner battery change schedule-To ensure that low battery power was not a factor in scanner performance, batteries in each scanner were routinely changed after the scanner had been used to perform 360 individual scans. In addition, batteries were changed immediately if the scanner displayed a low battery indicator. All replacement batteries were new and had not been used previously; a single brand of battery was used. where m represents the number of scans needed, n represents the number of microchips, p 1 and p 2 represent the probabilities that scanners 1 and 2 would detect a microchip during a single scan (assumed to be equal to 0.98 and 0.93 for our purposes), ρ represents the correlation between scanning results for scanners 1 and 2 (conservatively estimated at -0.9 for our purposes), and z α/2 and z β represent values for 100 X (1 -α/2) and 100 X (1 -β) from the standard normal distribution. We used an α value = 0.0083 to account for 6 planned
comparisons between scanners and a β value = 0.2. The formula assumed that for any given microchip and any given scanner, the number of scans with a successful result (ie, the microchip was detected or read) out of the total number of scans (m) was a binomial random variable with success probability p and used the normal approximation to the binomial.
Statistical analysis-For each microchip orientation, individual microchip scanner sensitivity and overall scanner sensitivity were calculated. Individual microchip scanner sensitivity was calculated as the percentage of the 72 scans for each microchip that were successful (ie, the microchip was detected or read). Overall scanner sensitivity was calculated as the mean of the individual microchip scanner sensitivities for each of the 10 microchips of any given brand.
The scanning protocol (10 microchips of 6 types with 72 scans/microchip) was developed to allow us to detect a 5% difference in overall microchip sensitivity between scanners with 80% power at an α value of 0.0083 (the low α value was used to account for all pairwise comparisons between scanners). However, this calculation assumed that data were normally distributed, and this assumption was found to be violated during data analysis because overall scanner sensitivity was 100% in some instances. Thus, nonparametric methods were used for data analyses.
Data for individual microchip scanner sensitivity were analyzed by use of Friedman 2-way ANOVA 5 for overall significant differences among scanners followed by the Wilcoxon-Nemenyi-McDonald-Thompson method 6 to identify pairwise differences between scanners. These analyses were stratified by microchip manufacturer and frequency, with the Avid scanner being excluded from analyses involving 128-and 134.2-kHz microchips. Values of P ≤ 0.05 were considered significant. Differences in individual microchip scanner sensitivity attributable to differences in scanning orientation were examined by use of multiple Wilcoxon signed rank tests with a Bonferroni correction; a value of P ≤ 0.0125 was considered significant for comparisons involving 125-kHz microchips because we needed to adjust for comparisons performed across all 4 scanners, and a value of P ≤ 0.017 was considered significant for comparisons involving all other chips because we needed to adjust for comparisons performed across only 3 scanners. All analyses were performed with standard software. 
Results
Sensitivity to microchips-Differences in overall scanner sensitivity were identified between scanners and between scanning orientations for a given scanner (Tables 1 and 2 Data are given as mean (SD) sensitivity. Ten microchips of each brand were each scanned 72 times with each of the 4 scanners; for each scanning attempt, the scanner was passed up to 3 times in a direction parallel or perpendicular to the long axis of the microchips. Sensitivity was calculated as the mean percentage of times each microchip was detected or read.
*The AKC CAR scanner is designed to detect, but not read, 134.2-kHz microchips. NC = Not calculable; all 10 microchips of this brand were detected or read during all 72 scans. NA = Not applicable; the Avid scanner was not designed to detect or read 128-or 134.2-kHz microchips. Ten microchips of each brand were each scanned 72 times with each of 4 scanners; for each scanning attempt, the scanner was passed up to 3 times in a direction parallel or perpendicular to the long axis of the microchips. Sensitivity was calculated as the mean percentage of times each microchip was detected or read. The Avid scanner was not included in comparisons of sensitivity to 128-and 134.2-kHz microchips because this scanner was not designed to detect or read microchips of these frequencies. ND = No differences (ie, no significant differences identified in pairwise comparisons of scanners). the highest sensitivity for each microchip type, with overall sensitivities > 95% for all 6 microchip brands, regardless of scanning orientation. The Bayer scanner also had overall sensitivities > 95% for all 6 microchip brands, regardless of scanning orientation, except when scanning was done perpendicular to the long axis of one of the unencrypted 125-kHz microchips, g for which overall sensitivity was only 86.5%. The AKC CAR scanner had overall sensitivities > 99% for the 128-and 134.2-kHz microchips, but lower sensitivities for the 125-kHz microchips (53.5% to 97.6%). The Avid scanner had overall sensitivities > 99% for all 3 brands of 125-kHz microchips.
For all 3 brands of 125-kHz microchips, sensitivity of the AKC CAR scanner was significantly lower than sensitivities of most of the other scanners. Scanning orientation appeared to affect sensitivity of the AKC CAR scanner, in that for all 3 brands of 125-kHz microchips, sensitivity was significantly lower when the scanner was passed parallel to the long axis of the microchips than when it was passed perpendicular to the long axis of the microchips. For 1 brand of 125-kHz microchip, g the Bayer scanner had significantly lower sensitivity when passed perpendicular to the long axis of the microchips than when passed parallel to the long axis (86.5% vs 98.5%), and for another brand of microchip, f the Bayer scanner had significantly lower sensitivity when passed parallel to the long axis of the microchips than when passed perpendicular to the long axis (98.5% vs 100%).
Overall sensitivities for the 3 brands of 128-and 134.2-kHz microchips were ≥ 96%, and for the most part, there were no significant differences among scanners (the Avid scanner was not included in these comparisons because it was not designed to read or detect 128-or 134.2-kHz microchips). In addition, there were no significant differences in sensitivity between scanning orientations for these 3 brands of microchips.
Sensitivity during a single pass of the scannerWhen scanner sensitivity was calculated on the basis of results for the first pass of the scanner, more differences in overall sensitivity between scanners and between scanning orientations for a given scanner were identified (Tables 3 and 4) . None of the 3 scanners capable of reading or detecting microchips of all 3 frequencies had overall sensitivities > 80% for all microchips and both scanning orientations. The HomeAgain scanner had overall sensitivities ≥ 95% for all microchips and both orientations, except that sensitivity to the 128-kHz microchip was only 81.4% when the scanner was passed parallel to the long axis of the microchips and only 79.2% when the scanner was passed perpendicular to the long axis of the microchips. The Bayer scanner had overall sensitivities > 94% for all microchips and both orientations, except that sensitivities for 1 brand of unencrypted 125-kHz microchip g were 78.2% (scanning parallel to the long axis) and 50.4% (scanning perpendicular to the long axis) and sensitivity to the 128-kHz microchip was only 76.4% when scanning Ten microchips of each brand were each scanned 72 times with each of the 4 scanners; for each scanning attempt, only the result when the scanner was passed over the microchip the first time was used to calculate sensitivity.
See Table 1 for key. Ten microchips of each brand were each scanned 72 times with each of the 4 scanners; for each scanning attempt, only the result when the scanner was passed over the microchip the first time was used to calculate sensitivity.
See Table 2 for key. perpendicular to the long axis of the microchips. The AKC CAR scanner had sensitivities > 92% for the 128-and 134.2-kHz microchips, but had lower sensitivities for all 3 brands of 125-kHz microchips (28.9% to 78.1%). The Avid scanner had sensitivities > 99% for all 3 brands of 125-kHz microchips. For all 3 brands of 125-kHz microchips, sensitivity of the AKC CAR scanner calculated on the basis of results of a single scanning pass was significantly lower than sensitivities of most of the other scanners. For both scanning orientations, sensitivity of the Bayer scanner to 1 brand of unencrypted 125-kHz microchip g was significantly lower than sensitivities of the HomeAgain and Avid scanners. For the 128-kHz microchip, the HomeAgain scanner had significantly lower sensitivity than the Bayer and AKC CAR scanners when scanning parallel to the long axis of the microchips, and the Bayer and HomeAgain scanners had significantly lower sensitivities than the AKC CAR scanner when scanning perpendicular to the long axis of the 128-kHz microchips. For the 134.2-kHz microchips, the only significant differences were that the AKC CAR scanner had lower sensitivity than the Bayer and HomeAgain scanners when scanning parallel to the long axis of 1 brand of the 134.2-kHz microchips i and lower sensitivity than the Bayer scanner for the other brand of 134.2-kHz microchip.
j For all of the scanners except the Avid scanner, sensitivity differed significantly between scanning orientations for 1 or more microchip brands.
Low battery indicator-The
HomeAgain scanner displayed a low battery indicator 4 times during the scanning process when scanning parallel to the long axis of the microchips. None of the other scanners displayed a low battery indicator during scanning.
Discussion
Results of the present study indicated that even under ideal controlled conditions, none of the scanners examined had 100% sensitivity for all microchips and both orientations. There were clear differences between scanners on the basis of operating frequency of the microchip, orientation of the microchip, and number of passes used to detect or read the microchip. For the 3 scanners designed to detect or read microchips of all 3 frequencies currently used in the United States, sensitivity was highest for 134.2-kHz microchips, which comply with the ISO standard. Lower sensitivities were found for microchips with 125-and 128-kHz frequencies.
When sensitivity was calculated on the basis of results of the first scanning pass, the 2 scanners with the highest sensitivity for all microchips in both orientations were the HomeAgain scanner, which nevertheless performed poorly with 128-kHz microchips, and the Bayer scanner, which performed poorly with 1 brand of unencrypted 125-kHz microchips g and with 128-kHz microchips when scanning perpendicular to the long axis of the microchips. The Avid scanner had high sensitivity for all 3 brands of 125-kHz microchips but was unable to detect microchips of other frequencies. The AKC CAR scanner performed poorly with all 3 brands of 125-kHz microchips.
Scanner performance can be affected by several factors, including scanning orientation; the distance between the microchip and scanner, which was controlled for in the present study; scanner antenna tuning, with performance being better with narrower frequency tuning; and the threshold power needed to activate the microchip, which is dependent on power output of the scanner and the energy needed to activate the actual microchip. Differences in scanner antenna tuning could potentially account to a large degree for the high sensitivities of the Avid scanner in the present study, since this scanner is designed to read only a single frequency. However, it does not alone account for the differences in performance among the other scanners because all 3 were able to detect or read the 134.2-kHz microchips with high sensitivities, even though all 3 were tuned to detect or read multiple frequencies.
Scanning microchips in orthogonal orientations in the present study illustrated important differences in scanner sensitivity. With the HomeAgain and Avid scanners, scanning orientation did not appear to affect scanner performance. In contrast, scanning orientation affected performance of the AKC CAR scanner for all 3 brands of 125-kHz microchips and performance of the Bayer scanner for 1 brand of 125-kHz microchip g and the 128-kHz microchip. These findings have clear implications for field use because microchip orientation is not grossly visible. Microchips are generally assumed to be parallel with the animal' s longitudinal axis. However, variations in implantation technique, animal compliance during implantation, and, possibly, microchip migration could all affect microchip orientation in vivo.
Scanners also performed differently in the present study depending on the number of passes that were used to detect or read the microchips, with the least differences in sensitivity for 1 versus 3 passes of the scanner when scanning the 134.2-kHz microchips. For the 125-kHz microchips, performance of the HomeAgain and Avid scanners was essentially the same for 1 versus 3 passes, but performance of the Bayer and AKC CAR scanners was affected. Again, these findings have clear implications for field use and help to emphasize the need to pass the scanner multiple times and in different orientations to maximize microchip detection.
Of interest is the finding that there were no failures of microchips in the present study. Although there are minimal objective data of the true incidence of microchip failure, there have been anecdotal reports that failure can occur. Data obtained by the British Small Animal Veterinary Association through reporting of microchip adverse events indicate that most scan failures can be attributed to nonmicrochip factors, such as chip migration, 7 and findings of the present study support this conclusion, although only a small number of chips was used. Another finding of interest was the occurrence of a low battery indicator when the HomeAgain scanner was used to scan parallel to the long axis of the microchips. In all instances, batteries were immediately replaced when the low battery indicator was seen. Because the impact that using partially charged batteries could have on scanner performance is unknown, batteries should always be changed on a regular basis to avoid problems with low battery output. The clinical relevance of low battery indicator light occurrence, especially in relationship to battery life or performance, requires further study.
There were several limitations of the present study. First, because all scanning was done in vitro, findings may not be relevant to scanning microchips in live animals. Attenuation of the microchip signal by skin and other tissues and microchip migration could not be accounted for in our study design. Second, although conditions such as distance between the scanner and the microchips, battery life, and interference by computers or metal tables could be controlled for, other factors such as temperature, humidity, and scanning technique could have affected our findings. Although the person performing all scanning was trained on use of scanning protocols for the 4 scanners, the high volume of scanning may have impacted the scanning technique used. Also, although attempts were made to control for scanner-microchip distance, this could not be kept absolutely constant, and the arbitrary distance chosen may not represent real-life conditions, given differences in animal hair coats and subcutaneous tissue thicknesses. Third, results of the present study may be less useful outside the United States in countries where the ISO standard is the only standard used and the need for universal scanners is not present.
Despite the limitations of the present study, similar protocols for testing scanner performance have been recommended by the International Committee for Animal Recording and are endorsed by ISO committee WG3, although broad implementation has been lacking. 8, 9 To our knowledge, the present study is unique in regard to the number of scanners tested, the number of scans performed, and the number of microchips tested. Findings in the present study help to emphasize that even under controlled conditions, no scanner has 100% sensitivity for all microchips in all orientations. Further, our findings suggest that it is important to use multiple passes and to rotate the scanner in different directions when scanning for microchips in the field to maximize the possibility of detecting or reading a microchip.
